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Abstract 
Salt-loaded effluents were introduced into the river Wipper during 
the mining period for ahnost a century. Beginning with the year 
1990, the waste water load was strongly reduced ue to the termina- 
tion of the potash industry. Prior to 1990, monthly means of the chlo- 
ride concentrations at times exceeded 6,000 mg 1 -~ in the strongly 
polluted sections. Maximum concentrations reached twice these val- 
ues. Up to 1998, mean annual chloride concentrations decreased to
values below 2,000 mg 1-L This led to more balanced fluctuations in
salinity which had been pronounced before, depending on discharge 
and short-term changes in production. Similarly, the physiologically 
adverse ion conditions improved ue to decrasing potassium and in- 
creasing calcium proportions. 
In 1963/64, 1986 and 1998, samples of epilithic, epiphytic and 
epipsammic diatoms were taken at locations of different salinities 
along the river and examined for the effects of the salinization on the 
structure of the diatom assemblages. These structures changed in de- 
pendence on salinity. Increasing salt concentrations coincided with 
decreasing oligohalophilic and increasing mesohalophilic and poly- 
halophilic species numbers. Above a chloride concentration f about 
3,000 mg 1 -~, the proportion of the latter exceed that of the former 
(halobion index > 50).Corresponding to different conditions of salin- 
ization along the river, characteristic diatom assemblages occur dif- 
ferring from each other and which are specific for the river section. 
Spring and autumn aspects of the diatom assemblages show also salt- 
dependent differences. The assemblages found in 1998 after decrease 
of salinization have changed markedly in comparison tothose from 
1963/64 and 1986. Halobiontic species predominating formerly oc- 
curred only occasionally or not at all. They were replaced by oligo- 
halobic-indifferent forms. 
An ecological ssessment of the changes was performed based on 
the halobion index calculated from all the samples. For the strongly 
salinized section of the river Wipper, a shift from c~-mesohalobic/ 
polyhalobic onditions in 1963/64 and 1986 to ~-oligohalobic/~- 
mesohalobic conditions in 1998 was found. However, constant ~- 
oligohalobic conditions are still not given. With regard to the transi- 
tion from o~-oligohalobic (l mnetic) to ~-mesohalobic (brackish) con- 
ditions, a maximum chloride concentration f 600 mg 11 was found. 
To guarantee c~-oligohalobic conditions, a maximum chloride con- 
centration of400 mg 1 -~ should not be exceeded. 
Introduction 
Salt-loaded effluents were introduced into the river Wipper 
since the beginning of potash mining and manufactoring of 
potash fertilizers in 1895. These effluents were strong salt so- 
lutions and less strong drainage waters from the dumps (Au- 
RADA 1992). During the first decades of mining the aquatic 
community evidently remained comparatively unaffected by 
salinization (HIRSCH 1914, 1918; Elbegutachten part 1 1921). 
Later on, increasing potash production coincided with larger 
yields of brines. This caused a considerable change in envi- 
ronmental conditions as well as in the qualitative and quanti- 
tative composition of the aquatic community (ALBRECHT 
1954; ZIEMANN 1967). In 1963, a salt load management was 
established for the Wipper-Unstrut-system in order to limit 
the hardness of the water for industrial use at the town of 
Leuna situated along the river Saale. Being focussed on the 
river Saale, this management eglected the ecological re- 
quirements of the river Wipper completely, resulting at times 
in extremely high salt concentrations here (ScHfdRER & 
KULBE 1997). Since the termination of mining from 1990 on, 
the introduction of salt-loaded effluents decreased. Today the 
salinization originates from drainage waters of the dump area 
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which runs partly controlled via storage basins partly uncon- 
trolled into the river. 
Because of the reduced introductions which resulted in 
lower salt concentrations and shifts in the ion composition, 
the living conditions of the organisms changed distinctly. 
These changes were already illustrated with regard to aquatic 
insects (SCHULZ 2000 a; SCHULZ • BELLSTEDT 2000). More- 
over, the diatom assemblages also are suitable for this pur- 
pose since their composition depends on the salinity and thus 
reflects, as expressed by the halobion index, certain steps of 
its biological effect (ZIEMANN 1967, 1968, 1971). 
Unpublished data from samplings of the diatom flora 
taken along the river Wipper in 1963/64 were available, sup- 
plemented by some samples from 1986. These data made it 
possible to document he ecological situation of the river 
Wipper during the period of strong salinization prior to 1990 
based on the structure of the diatom communities. Further- 
more, the changes within the diatom communities due to de- 
creasing salinities could be registered using data by RIEDEL- 
LORJg et al. (1998) by way of comparison. The latter data also 
answered the question to what extent he salinization still pre- 
sent today is biologically effective. 
The goal of this study was (i) to show the structure of the 
diatom communities along the gradient of salinity during the 
strong salinization prior to 1990 and afterwards when salinity 
decreased; (ii) to describe the changes that had taken place in 
the composition of the diatom communities in dependence on 
the salinity from 1963 to 1998 and (iii) to record the effects of 
the salinity still given on the diatom flora. 
Material and Methods 
Area of investigation and sampling locations 
A description of the location and hydrography of the river Wipper is 
given by SCHORER & KULBE (1997), by SCnULZ et al. (1997) and by 
SCHULZ (2000 b). - The river Wipper uns off in the northwestern part 
of Thuringia near the town Worbis, running into the river Unstrut 
after a distance of 92.8 km. The catchment area of the river Wipper is 
524 km 2 (Fig. 1). For discharge values, see Table 1. 
Table 1. Hydrological data of the river Wipper at Wipperdorf and 
Hachelbich. 
Location Discharge (m 3 S 1) 
MNQ MQ MHQ 
Wipperdorf 0.551 2.24 28.3 
Hachelbich 0.958 3.23 29.9 
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Fig. 1. Area of investigation. 
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The river Wipper runs primarily through new red sandstone 
(,,Buntsandstein") and Muschelkalk formations being enriched with 
rock salt and gypsum due to marine sedimentation (MIRscH 1967). 
Thereby the water is of considerable hardness and rich in electrolytes. 
The salinization starts below the village of Wtilfingerode at the 
former potash mine of Sollstedt. Further mines along the fiver (Fig. 
1) cause an increase in salinity, until the city of Sondershausen is 
reached. Afterwards, the salinization decreases slightly up to the in- 
flow into the river Unstrut. 
The sampling locations listed below were chosen in such a way 
that the unaffected (= reference state) as well as the salt-affected sec- 
tion, influenced by the introduction of salt effluents, were represented. 
- No. 1 village of Walfingerode (river km 71.9): reference loca- 
tion of the non-salinized section; 
- No. 2 below the village of Sollstedt (river km 70.3): sampling 
only in 1963/64 and 1986: first sampling location of the salinized 
section, situated below the former potassium ine of Sollstedt; 
- No. 3 town of Bleicherode (river km 61.5): first sampling loca- 
tion of the salinized section in 1998; 
- No. 4 village of Wipperdorf (river km 58.3): situated within the 
strongly salinized section, above the inflow of the river Bode which 
drains the area of the former potasssium plants of Bischofferode and 
Bleicherode; 
- No. 5 village of Grogfurra (river km 42.9): situated above the 
former potassium plant of Sondershausen; 
- No. 6 village of Hachelbich (river km 29.5): the water depth 
gauge of this location forms a control station of all the salt introduc- 
tions into the river Wipper. Additionally, this location was heavily 
polluted by untreated organic wastewater until summer 1998 when 
the new sewage plant of Sondershausen was put into operation; 
- No. 7 village of KindelbriJck and Sachsenburg, resp. (river km 
0-5): last sampling locations prior to the inflow into the river Unstrut 
after dilution by further brooks. 
Chemical data 
Water samples for analyzing chemical parameters originate from the 
official water monitoring and were taken by the Sondershausen labo- 
ratory of the Water Supply and Distribution Directory Werra-Gera- 
Unstrut and Saale-Werra in 1963/64 and 1986, respectively. The 
1998 data are from the laboratory of the State Environmental Office 
Sondershausen, 
Biological investigations 
In order to detect seasonal and salinization-dependent aspects, sam- 
pling generally took place during the maximum diatom development 
in spring (March/April) and autumn (September/October). In 1964 
and in1998, further samples were taken in June and July to include 
the interim changes. 
Samples from 1963/64 and 1986 are diatom mixed samples of di- 
atom frustules from epilithic, epipsammic and epiphytic substrates 
collected by ZIEMANN. In 1998, qualitative sampling was performed 
in 5 different manners (RIEDEL-LORJI~ et al. 1998): a ladle sample, a 
sample by means of a plankton et (mesh size 65 ~m), an epilithic 
sample by means of a nailbrush, an epiphytic sample from 
Cladophora glomerata nd Enteromorpha intestinalis f the former 
one was not present and an epipsammic sample from the sediment. 
In 1963/64 and 1986, diatom preparations were made according 
to SIMONSEN (1962) by oxidation with saturated KMnO~-solution, 
followed by boiling with half-saturated HC1 and mounting the cells 
in Styrax. In 1998 however, subsamples were treated according to 
HUSTEDT (1930) and HASLE & FRYXI~LL (1970). Naphrax was used 
for mounting. Determinations were made at a 1,000 x magnification 
using a Zeiss microscope with phase contrast equipment. Species 
were identified according to KRAMMER • LANGE-BERTALOT (1986, 
1988, 1991 a and b) and PANKOW (1990). Taxonomic names from the 
1963/64 and 1986 samples being based on HUSTEDT (1930, 
1930--1962) were checked if they were up to date and corrected if
necessary. Species abundance stimations of the 1963/64 samples 
correspond to the 6 step abundance scale according to ZIEMANN 
(1982). For evaluating the 1986 and 1998 samples, 200 frustules per 
sample were identified on visual fields chosen by chance. Absolute 
abundances of the diatom frustules were converted into relative 
abundances (per cent) which then were assigned to distinct estima- 
tion frequencies according to ZIEMANN (1982; Table 2). 
Based on the estimation frequencies, the halobion indices (H) 
(ZmMANN 1971, 1999) were calculated using the following formula: 
H -- Y~hH - ~hx x 100 
Zh 
Thus, the halobion index gives the relation of the sum of abun- 
dances of the salt-indicating species (Y~hH) minus the sum of abun- 
dances of the haloxenic species (2hx) to the total abundance of all 
the species found (2h). It is a number lacking a dimension, forming a 
measure of the biological effect of salinity in an aquatic ecosystem 
(Table 3; ZIEMANN 1971, 1997b) and corresponding to distinct affect- 
ed areas (ZIEMAYN 1997 a, 1997 b). 
Designation of the diatom species to halobic classes for estima- 
tion of the halobion index followed Z~EMANN (1982; 1999) and 
PANKOW (1990) taking into consideration further data by HOFMANN 
(1998) and STRECKER (1998). 
Table 2. Interdependencies between relative abundancies (%) and 
estimated frequencies (h) according to ZrEMANN (1982). 
h according to ZIEMANN (1982) Relative abundance (%) 
1 very rare < 1 
2 rare > 1 ..... < 5 
3 medium > 5 ..... < 20 
5 abundant > 20 ..... < 50 
7 very abundant > 50 ..... < 100 
9 numerous 100 
Table 3. Classification of waters, based on their halobion indices ac- 
cording to ZIEMANN (1999). 
Limnetic Waters 
Salt Waters 
H < -30 infrahalobic 
H > -30 < -10 3t-oligohalobic 
H > -10 < +15 [3-oligohalobic 
H > +15 <+30 (z-oligohalobic 
H_> +30 <+50 [3-mesohalobic 
H_> +50 <+75 (z-mesohalobic 
H > +75 polyhalobic 
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Results and Discussion 
Changes in salinity 
For the unsalinized section of the river Wipper, the sampling 
location at Wiilfingerode may be regarded as representative. 
Data of salinity are compiled in Table 4. 
In 1963/64, production waste waters and drainage waters 
from the dumps were introduced neglecting virtually any 
consequences for the aquatic ommunities. Thus, at times ex- 
tremely high salt concentrations occurred in the river, reach- 
ing at Hachelbich up to 13,000 mg C1-1 -I (= 24%0) in one case 
and a monthly average concentration fup to 7,000 mg C1-1 1 
(Table 5). 
Salinization started at the village of Sollstedt where efflu- 
ents from the potash mine were introduced, resulting in chlo- 
ride concentrations which ranged from 1,000 to 2,500 mg 1-1 
in spring and from 3,000 to 4,500 mg 1-1 in autumn 1964 
Table 4. Annual means of important ions (mg 1 ~) at the sampling 
location Wt~lfingerode in 1963/1964 and 1998. 
Year Na + K + Ca 2+ Mg 2+ C1 8042- HCO 3 
1963/64 41 16 156 35 90 350 217 
1998 51 6 148 25 79 232 260 
Table 5. Chloride concentrations (rag 1-1) of the river Wipper at 
Hachelbich (hydrological year 1964). 
Month Chloride concentration (rag 1 -~) 
Max Mean Min 
Nov. 13,120 5,610 1,670 
Dec. 6,430 4,120 2,120 
Jan. 6,960 4,430 2,530 
Feb. 5,100 2,680 710 
Mar. 3,640 2,680 2,020 
Apr. 5,740 3,530 2,320 
May 6,860 4,210 1,760 
Jun. 9,000 5,360 3,470 
Jul. 9,150 6,360 4,700 
Aug. 9,440 6,120 3,500 
Sep. 9,960 6,410 4,440 
Oct. 11,580 7,240 5,800 
(moderately salinized section). In the following high salin- 
ized section of the river Wipper from the inflow of the brook 
Bode on downriver as represented by the sampling locations 
Wipperdorf, Grol3furra and Hachelbich in this study, the 
chloride concentrations were about 4,500 mg 1-1 and 2,700 
mg 1-1 in spring 1963 and 1964 respectively. Average monthly 
chloride concentrations were around 6,300 mg 1-1 in autumn 
of both years. Short time maxima reached twofold values. Bi- 
lancing of salt effluents into the river Wipper is performed at 
the sampling location Hachelbich. The chloride concentra- 
tions given at this station are characteristic for the situation of 
salinization in the years 1963/64. (Figs. 2, 3, 4; Table 5). 
Total salinity is the chloride concentration multiplied by a 
factor of 2 and 2.23 for chloride concentrations > 2,000 mg 1-1 
and < 2,000 mg 1 1, respectively (ZIEMANN, unpubl.). 
In 1986, conditions of salinization resembled those 
recorded in 1963/64 with the exception that the salt-loaded 
effluents originating from the potash mine at Sollstedt were 
pumped to the storage basin at Wipperdorf. Due to this, the 
chloride concentrations at Sollstedt decreased istinctly, 
ranging from 200 to 2,400 mg C1- 1-1 (minimum and maxi- 
mum, respectively). 
After 1990, termination of potash mining caused a decline 
in salinity since firstly only drainage waters were introduced, 
and secondly, a new salt load system had been installed in 
order to ensure that upper limits were kept at Hachelbich. A
survey regarding the salinization during the sampling periods 
in 1964 and 1998 is given in Tables 5 and 6, respectively. 
The changes in salinity between 1964 and 1998 at the 
sampling location Hachelbich are given in Fig. 2. 
With regard to the salt concentration i  the river Wipper, 4 
different sections can be differentiated: 1. an unsalinized sec- 
tion at Wtilflngerode; 2. a moderately salinized section from 
Sollstedt to Bleicherode; 3. a highly salinized section with in- 
creased salinity from the inflow of the brook Bode on, repre- 
sented by the sampling locations between Wipperdorf and 
Hachelbich; 4. a highly salinized section with moderately de- 
creased salinity from Hachelbich to the inflow into the river 
Unstrut near Sachsenburg. 
Fluctuations of salinity formed a special feature of the 
Wipper salinization. Two kinds of fluctuations were com- 
mon, i. e. a seasonal (due to changes in water discharge) and a 
short-term (due to changes in potash production). Taking the 
Table 6. Chloride concentrations (mg 1-1) of the river Wipper during 
the investigations in 1998. 
Sampling location Chloride concentration (mg 1-1) 
Minimum Mean Maximum 
Bleicherode 313 502 809 
Wipperdorf 494 731 1,179 
GroBfurra 938 1,319 1,555 
Hachelbich 1,245 1,568 1,896 
Table 7. Seasonal variations of the chloride concentrations (rag l-l) 
of the river Wipper in 1998. 
Month Chloride concentration (mg 1 i) 
Bleicherode Wipperdorf Grogfurra Hachelbich 
April 368 494 1,189 1,582 
July 664 964 1,271 1,574 
August 809 1,179 1,322 1,662 
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Fig. 2. Trends in chloride concentrations 
means) at Hachelbich from 1964 to 1998. 
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sampling location at Hachelbich as an example, mean and ex- 
treme concentrations of the years 1963 and 1964 are given in 
Figs. 3 and 4 (see also Table 5). The mean values calculated 
for distinct periods include always maximum and minimum 
values, the amplitude of which increases with increasing con- 
centrations. As a consequence, at high salt concentrations the 
environmental conditions became additionally worse by the 
osmotic stress which coincided with the changes in concen- 
tration. With the decline in salinization, the amplitude of the 
changes in salinity decreased also. Short-term fluctuations 
are now lacking. In Table 7, the values of the discharge-de- 
pendent seasonal variations in 1998 are given. 
Besides the concentration-dependent osmotic effect of the 
dissolved salts the relative proportions of the ion concentra- 
tions are of importance for the organisms. After the introduc- 
tion of production effluents had been terminated from 1990 
on, accompanied by a decrease in salinization, a shift in the 
ion proportions took place. Besides a decrease of the potassi- 
um proportion, especially an increase of the calcium propor- 
tion was noted. The changes which occurred in the saliniza- 
tion conditions at Hachelbich regarding the concentrations 
and ion proportions are given in Table 8 (annual means). 
Table 8. Changes in ion concentrations (rag 1-1) and proportions 
(reval %) at the sampling location Hachelbich in 1964 and 1998. 
Ion Year 1964 Year 1998 
mg 1-1 mval % mg 1-1 reval % 
Na ÷ 1,576 42.7 624 46.3 
K ÷ 1,126 18.0 118 5.13 
Ca 2+ 289 9.0 257 21.87 
Mg 2+ 583 30.3 188 26.7 
C1 4,996 86.0 1,568 75.5 
SO42- 452 11.5 886 16.1 
HCO3- 299 2.5 245 8.4 
Diatom flora and salinity 
Structure of the diatom assemblages 
• General survey 
All the species found and their classification according to the 
halobion system are listed in Table 9, separated into their oc- 
currence in the unsalinized (W~, reference sampling location 
at Wtilfingerode) and salinized section (SS) of the river Wip- 
per. 
In the sampling period, only 27 taxa occurred as aspect- 
forming, their frequency exceeding 5 % and h = 3, respec- 
tively. As seen in Table 10, among them there are 14 oligo- 
halobic, 5 halophilic, 7 mesohalobic taxa and one polyhalo- 
bic species. 
The fact that the total number of species found in 
1963/64/86 was higher in comparison to 1998 might be due 
to the higher number of samples. Moreover, a development 
can be recognized, e. g., a shift in the contribution of single 
species to the whole assemblage as well as the disappearing 
and the emerging of species. This holds true especially for the 
decrease of mesohalobic species in 1998: some taxa occur- 
ring with considerable frequency in the section of saliniza- 
tion up to 1986 (e. g., NavicuIa veneta, Navicula perminuta, 
Gyrosigma peisonis and Amphora coffeaeformis) were no 
longer found in 1998. On the other hand, species which had 
been occurring less frequently or not at all in former times, 
such as Opephora olsenii and Navicula digitoradiata var. 
minima, were observed several times in 1998, and the propor- 
tions of the oligohalobic-indifferent species increased is- 
tinctly. During all the sampling, Nitzschia frustulum and 
Nitzschia inconspicua occurred together with considerable 
continuity and frequency. An exact separation between these 
two taxa was not always possible. Therefore, with respect o 
the presentation of the structure of the assemblages and the 
calculation of the halobion index, they were evalued as a tribe 
complex (see HOFMANN 1998; STaECKER 1998). 
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Fig. 3. Monthly mean of water discharge in com- 
parison to mean, minimum and maximum chloride 
concentrations at Hachelbich in the hydrological 
year 1963. 
Daily chloride concentrations 
g1-1 
14 
12 ...................................................................................................................................................................................................................... 
10 
8 
6 
4 
2 
0 
: :  .............. 7 : :7  
i r I I ~ r P I i I I I , r I I ' I ' I I ~ I I I I I q 
3 5 7 9 11 13 15 17 19 21 23 25 27 29 ,31 
day  
- March + October 
Fig. 4. Daily chloride concentrations at Hachelbich 
during March and October in 1963. 
262 Limnologica 31 (2001) 4 
Table 9. Diatom species list of the river Wipper. H = Halobion classes with ind = oligohalobic (indifferent), hp = halophilic, mh = mesohalo- 
bic and ph = polyhalobic species. 
Wti = Wtilfingerode (sampling location), SS = salinized section. Data refer to maximum frequencies according to ZIEMANN (1982). See also 
Table 2. Data from 1998 converted from relative frequencies in per cent. ep -- epiphytic, el = epilithic forms, oo = taxon with high infraspecific 
morphological variabilitiy according to LANGE-BERTALOT (1996). 
Species H 1963/86 1998 Species H 1963/86 1998 
Wti SS Wti SS Wti SS Wii SS 
ep el ep el ep el ep el 
Achnanthes brevipes ~ mh 2 Cymbella silesiaca ~ ind 3 2 
C. AGARDH BLEISCH 
Achnanthes delicatula oo mh 5 1 1 2 3 Diatoma moniliformis oo hp 3 5 
(KOTZING) GRUNOW KIJTZING 
ssp. delicatula Diatoma tenuis hp 2 3 
Achnanthes lanceolata ~ ind 3 3 2 5 2 2 C. AGARDH 
(BR~BISSON) GRUNOW Diatoma vulgaris oo ind 2 2 7 5 5 2 
Achnanthes minutissima ~ ind 2 2 2 2 1 BoRY 
KOTZING Entomoneis paludosa ~ mh 1 
Amphipleura rutilans ph 2 (W. SMITH) REIMER 
(TRENTEPOHIL) CLEVE Epithemia dnata ind 1 
Amphora coffeaeformis oo ph 9 (KuTZING) BRI~BISSON 
(C. AGARDH) KOTZINO Fragilaria capucina 1 
Amphora commutata mh 2 var. rumpens (KUTZlNG) 
GRUNOW LANGE-BERTALOT 
Amphora libyca ind 2 1 Fragilaria capucina ind 3 2 1 1 2 
EHRENBERG vat'. vaucheriae (KI2TZ.) 
Amphora ovalis ind 1 LANGE-BERTALOT 
(KOTzING) KOTZINO Fragilaria construens ~ 1 
Amphorapediculus ind 3 2 2 7 2 3 (EHRENBERG) RUNOW 
(KOTZING) GRUNOW Fragilariafasciculata ~ mh 1 5 1 1 2 1 
Anomoeoneis sphaerophora ~ hp 1 (C. AOARDH) LANGE-BERTALOT 
(EHRENBERG) PFITZER Fragilaria leptostauron oo 1 
Caloneis amphisbaena oo hp 2 2 l 
(BoRY) CLEVE var. martyi (HgRIBAUD) 
LANGE-BERTALOT 
Caloneis silicula oo ind 2 1 
(EHRENBERG) CLEVE Fragilaria parasitica oo 3 
Cocconeispediculus ind 3 3 7 2 7 3 (W. SMITH) GRUNOW 
EHRENBERG Fragilaria pinnata oo ind 2 1 
EHRENBERG 
Cocconeisplacentula oo ind 5 3 5 3 5 5 
EHRENBERG Fragilaria pulchella mh 5 2 1 
Cyclostephanos invisitatus ind 1 (RALFS ex KOTZING) 
(M. H. HOHN & HELLERMAN) LANGE-BERTALOT 
E. C. THERIOT, STOERMER & Fragilaria ulna oo ind 5 2 5 1 1 1 
H~.KANSSON (NITZSCH) LANGE-BERTALOT 
Cyclotella meneghiniana hp 2 9 5 2 FrustuIia vulgaris ind 2 
KOTZING (THWAITES) DE TONI 
Cyclotella cfstriata mh 1 1 1 Gomphonema acuminatum ind 3 1 
(KIgTZING) ORUNOW EHRENBERG 
Cylindrotheca gracilis hp 2 Gomphonema micropus ind 5 3 2 2 3 2 
(BR/~BISSON) GRUNOW KOTZING 
Cymatopleura elliptica ~ ind 2 Gomphonema olivaceum oo ind 5 3 2 2 2 
(BRI~BISSON) W.SMITH (HORNEMANN) BRt;BISSON 
Cymatopleura solea oo ind 3 1 1 l 1 Gomphonema parvulum oo ind 5 3 
(BRt~BISSON) W.SMITH (KuTZING) KUTZING 
Cymbella cistula oo 2 Gomphonema truncatum ind 2 
(EHRENBERG) KIRCHNER EHRENBERG 
Cymbella minuta o~ ind 1 l 2 1 Gyrosigma cuminatum oo ind 5 3 1 1 
HILSE ex RABENHORST (KOTZING) RABENHORST 
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Table 9. Continued. 
Species H 1963/86 1998 
Wti SS Wti SS 
ep el ep el 
Gyrosigma peisonis mh 5 
(GRUNOW) HUSTEDT 
Hantzschia mphioxys 3 
(EHRENBERG) GRUNOW 
Melosira varians ind 3 2 5 
C. AGARDH 
Meridion circulare ~ 5 2 1 
(GREVILLE) C. AGARDH 
Navicula accomoda 3 
HUSTEDT 
Navicula atomus var. permitis 2 
(HUSTEDT) LANGE-BERTALOT 
Navicula binodis 1 
(EHRENBERG) HUSTEDT 
Navicula capitata EHRENBERG ind 3 3 
var. capitata EHRENBERG 
Navicula cari ind 1 1 
EHRENBERG 
Navicula cf. cincta hp 2 3 1 2 
(EHRENBERG) RALFS 
Navicula clementis 1 
GRUNOW 
Navicula crucicula oo mh 2 
(W. SMITH) DONKIN 
Navicula crvptotenella 3 
LANGE-BERTALOT 
Navicula cuspidata ind 3 1 
(KuTZING) KUTZING 
NavicuIa digitoradiata mh 1 1 1 
(W. GREOORY) RALFS var. 
minima A. CLEVE 
Novicula elginensis ~ 1 
(W. GREGORY) RALFS 
Navicula erifuga hp? 1 
LANGE-B ERTALOT 
Navicula gregaria ind 5 5 3 3 
DONKIN 
Navicula halophila mh 1 
(GRUNOW) CLEVE 
Navicula integra hp 
(W. SMITH) RALFS 
Navicula joubaudii 1 
GERMAIN 
NavicuIa lanceolata ind 7 3 3 5 
(C. AGARDH) KOTZINÙ 
Navicula margalithii hp 1 
LANGE-B ERTALOT 
Navicula menisculus ~ 3 
SCHUMANN 
Navicula minima 3 
GRUNOW 
Navicula minuscula ~ ind 2 
var. muralis (GRUNOW) 
LANGE- BERTALOT 
1 1 1 
2 1 
2 1 
1 1 
5 5 
5 3 
2 2 2 3 
Species H 1963/86 1998 
Wti SS Wti SS 
ep el ep el 
Navicula cf. mutica ~ ind 2 2 
K~2TZrNG 
Navicula pelIiculosa 2 
(BRI~BISSON ex KOTZING) 
HILSE 
Navicula peregrina mh 2 
(EHRENBERG) KUTZING 
Navicula perminuta ~ mh 9 
GRUNOW 
Naviculaphyllepta mh 1 5 
KOTZING 
Navicula pvtracta hp 2 
(GRUNOW) CLEVE 
Navicula cf.pupula ~ ind 2 1 
KOTZING 
Navicula pygmaea hp 2 3 
KCTZING 
Navicula radiosa ind 2 1 
K~)TZING 
Navicula recens hp 1 2 
(LANGE-BERTALOT) 
LANGE-BERTALOT 
Navicula rhynchocephala ind 1 1 
KOTZING 
Navicula salinarum mh 1 9 
GRUNOW 
Navicula salinicola mh 
HUSTEDT 
Navicula seminulum ind 1 
GRUNOW 
Navicula slesvicensis 1 1 
GRUNOW 
Navicula subminuscula 2 3 
MANGUIN 
Navicula tripunctata ind 5 1 
(O. F. MI~LLER) BORY 
Navicula trivialis 2 
LANGE-BERTALOT 
Navicula veneta lap 3 9 
KOTZING 
Neidium affine ~ o 1 
(EHRENBERG) PFITZER 
Neidium binodis 1 
(EHRENBERO) HUSTEDT 
Neidium productum oo 2 
(W. SMITH) CLEVE 
Nitzschia acicularis ~ ind 3 3 
(KuTZING) W. SMITH 
Nitzschia brevissima hp 2 2 
ORUNOW 
Nitzschia capitellata oo hp 3 3 
HUSTEDT 
Nitzschia clausii mh 1 
HANTZSCH 
1 1 
1 1 
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Table 9. Continued. 
Species H 1963/86 
Wti SS 
1998 
Wii SS 
ep el ep el 
Nitzschia commutata mh 1 
GRUNOW 
Nitzschia constricta mh 2 7 1 2 
(K~3TZING) RALFS 
Nitzschia dissipata oo ind 2 2 
(Kt~TZIN~) GRUNOW 
Nitzschiafiliformis ~ hp 2 2 
(W. SMITH) VAN HEURCI,: 
Nitzschia fonticola 2 
GRUNOW 
Nitzschiafrustulum ~ / hp 2 9 1 2 7 
inconspicua (K~)TZING) 
GRUNOW 
Nitzschia gracilis ind 1 
HANTZSCH 
Nitzschia hungarica mh 2 7 
GRUNOW 
Nitzschia linearis ~ 2 2 
(C. AGARDH) W. SMrrH 
Nitzschia microcephala mh 1 3 2 
GRUNOW 
Nitzschia palea oo ind 3 3 3 2 3 
(Kt3TZING) W. SMITH 
Nitzschia paleacea ind 3 
(GRuNOW) GRUNOW 
Nitzschia cf. parvula hp 
W. SMITH 
Nitzschia pusilla mh 5 
GRUNOW 
Nitzschia recta ~ 2 
HANTZSCH 
Nitzschia sigmoidea 5 t 
(NITzscn) W. SMITH 
Nitzschia t~blionella hp 3 3 1 
HANTZSCH 
Nitzschia vermicularis ~ 3 
(KOTZING) HANTZSCH 
Opephora olsenii mh 1 5 
MOELLER 
Pinnularia krookii hp 1 2 
(GRUNOW) CLEVE 
PinnuIaria miclvstauron ~ hp? 1 2 
var. brebissonii 
(K1)TZING) MAYER 
Pleurosigma ngulatum mh 1 
(J. T. QUEKETT) W. SMITH 
Rhoicosphenia abbreviata ind 5 5 3 2 7 
(C. AGARDH) LANGE-BERTALOT 
Stauroneis anceps ~ 1 1 
EHRENBERG 
Stauroneis phoenicenteron o 2 1 
(NITZSCH) EHRENBERG 
Stauroneis smithii 1 
GRUNOW 
Species H 1963/86 
Wti SS 
1998 
Wii SS 
ep el ep el 
Stephanodiscus hantzschii ind 3 2 2 3 2 
GRtr~OW 
2 SurireIla angusta 1 1 
KOTZIN~ 
Surirella brebissonii ~ ind 7 5 2 3 2 
KRAMMER & LANGE-BERTALOT 
SurireIla crumena hp 1 
BRt~BISSON ex KQTZING 
Surirella minuta 2 1 
BRt~BISSON 
7 Surirella ovalis mh 3 1 1 
BREBISSON 
Thalassiosira pseudonana mh 3 
1 HASLE & EIEIMDAL 
Thalassiosira weissflogii mh 5 1 t 
(GRUNOW) FRYXELL & HASLE 
1) Designated ,~avicuIa spec." by ZIEMANN (1963). 
Table 10. Aspect forming taxa of the river Wipper. x = dominating in 
1963 and 1986, whereas rare or missing in 1998. xx = dominating in
1998, whereas recedent in 1963 and 1986. 
Oligohalobie (indifferent) Species 
Achnanthes lanceolata tribe 
Amphora pediculus (xx) 
1 Cocconeis pediculus (xx) 
Cocconeis placentula (xx) 
Diatoma vulgaris (xx) 
Fragilaria ulna 
Gomphonema micropus 
Gomphonema olivaceum 
Melosira varians 
Navicula gregaria 
NavicuIa lanceolata 
7 Navicula tripunctata 
Rhoicosphenia abbreviata 
Surirella brebissonii 
Halophilic Species 
Cyclotella meneghiniana 
Diatoma moniliformis 
Navicula veneta (x) 
Nitzschia frustulum 
Nitzschia inconspicua 
Mesohalobie Species 
Achnanthes delicamla 
Gyrosigma peisoneis (x) 
Navicula pelw~inuta (x) 
Navicula salinarum (x) 
Nitzschia constricta (x) 
Nitzschia hungarica (x) 
Nitzschia pusilla (x) 
Polyhalobic Species 
Amphora coffeaeformis 
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Table 11. Aspect-forming and concomitant diatom species at the sampling location Wtilfingerode considering seasonal aspects. 
Relative abundance h 
according to 
Z[EMANN (1982) 
and %, resp. 
1963/64 1986 1998 
epiphytic epilithic 
Spring aspect 
h = > 5 Navicula lanceolata Navicula lanceolam Diatoma vuIgaris Diatoma vulgaris 
> 20% Navicula lanceolata 
h = > 3 - < 5 Surirella brebissonii Diatoma moniliformis Navicula lanceolata Navicula gregaria 
5...20% Navicula gregaria Navicula gregaria Navicula gregaria Amphora pediculus 
Fragilaria ulna Rhoicosphenia abbreviata Surirella brebissonii 
Stephanodiscus hantzschii 
h = > 2 - < 3 Navicula tripunctam Fragilaria ulna Cocconeis placentula Achnanthes lanceolata 
1...<5% Rhoicosphenia abbreviata Surirella brebissonii Surirella brebissonii Nitzschia palea 
Gomphonema olivaceum Navicula subminuscula 
Achnanthes Ianceolata 
Summer aspect (July 1964) 
h = > 5 no sampling Melosira varians 
> 20% Fragilaria ulna 
h = >3 - <5 Navicula laltceolata Cocconeis placentula 
5...20% Surirella brebissonii Nitzschia palea 
Navicula gregaria 
Navicula lanceolata 
Diatoma vulgaris 
Achnanthes lanceoIata 
Stephanodiscus hantzschii 
Surirella brebissonii 
h = >2 - < 3 Fragilaria ulna 
1 ...< 5 % Rhoicosphenia abbreviata 
Gomphonema micropus 
Gomphonema micropus 
NavicuIa lanceolata 
Cocconeis pediculus 
Diatoma wtlgaris 
Gomphonema olivaceum 
Surirella brebissonii 
Rhoicosphenia abbreviata 
Amphora pediculus 
Rhoicosphenia abbreviata 
Cocconeis placentula 
Cocconeis pediculus 
Fragilaria pinnata 
Gomphonema micropus 
Navicula minuscula 
var. muralis 
Nitzschia palea 
Autumn aspect 
h = >5 NavicuIa lanceolata Navicula gregaria Cocconeis pediculus Amphora pediculus 
> 20% Navicula gregaria Cocconeis placentuIa Achnanthes Ianceolata 
h = > 3 - < 5 Surirella brebissonii 
5....20% 
Navicula lanceolata 
Surirella brebissonii 
Nitzschia constricta 
Fragilaria ulna 
Cyclotella meneghiniana 
Gomphonema p rvulum 
h=>2-<3 
1...< 5% 
Nitzschia palea 
Nitzschia constricta 
Rhoicosphenia abbreviata 
Gyrosigma cuminatum 
Gomphonema olivaceum 
Nitzschia paleacea 
Cocconeis pediculus 
Achnanthes lanceolata 
Nitzschia palea 
Rhoicosphenia abbreviata 
Fragilaria capucina 
Navicula subminuscula 
Cocconeis placentuIa 
Cocconeis pediculus 
Rhoicosphenia abbreviata 
Diatoma vulgaris 
Navicula gregaria 
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Table 12. Aspect-forming and concomitant diatom species at the sampling location Sollstedt/Bleicherode considering seasonal aspects. 
Relative abundance h 
according to 
ZIEMANN (1982) 
and %, resp. 
1963/64 1986 1998 
epiphytic epilithic 
Spring aspect 
h = >5 NavicuIa salinarum Navicula gregaria 
> 20 % NavicuIa lanceolata Diatoma monili¢brmis 
Navicula lanceolata 
Diatoma vulgaris 
Navicula gregaria 
Nitzschia frustulum 
h = >3 - <5 Nitzschia hungarica Navicula lanceolata 
5....20 % Nitzschia constricta Nitzschia frustulum/ 
Navicula gregaria inconspicua 
Surirella brebissonii 
Nitzschia frustulum/ 
inconspicua 
h = >2 - <3 Navicula perminuta Surirella brebissonii Navicula minuscula Amphora pediculus 
1 ...< 5 % Gyrosigma cuminatum Nitzschia paleacea vat: muralis Rhoicosphenia abbreviata 
Rhoicosphenia abbreviata Gomphonema olivaceum Achnanthes lanceolata Diatoma vulgaris 
Achnanthes lanceolata Cyclotella meneghiniana Nitzschia palea Navicula gregaria 
Rhoicosphenia abbreviata Navicula lanceolata 
Stephanodiscus hantzschii 
Surirella brebissonii 
Achnanthes minutissima 
Nitzschia frustulum 
Summer aspect 
h = >5 Nitzschia hungarica 
> 20 % Navicula salinarum 
h = >3 - <5 Amphora coffeaeformis 
5 ...20 % Nitzschia constricta 
Navicula gregaria 
Navicula veneta 
Navicula perminuta 
Navicula pygmaea 
h = >2 - <3 Nitzschiafrustulum/ 
1...< 5 % inconspicua 
Surirella brebissonii 
Surirella ovalis 
Gyrosigma cuminatum 
no sampling Cocconeis pediculus Rhoicosphenia abbreviata 
Cocconeis pediculus 
Navicula Ianceolata 
Nitzschia frustulum 
Rhoicosphenia abbreviata 
Cocconeis placentula 
Nitzschia frustulum 
Navicula gregaria 
Diatoma vulgaris 
Achnanthes lanceolata 
Achnanthes delicatula 
Autumn aspect 
h = >5 Navicula salinarum Navicula veneta  Rhoicosphenia abbreuiata Nitzschiafrustulum 
> 20 % Nitzschia hungarica 
h = >3 - <5 Nitzschia constricta Nitzschiafrustulum/ Gomphonema micropus Navicula gregaria 
5....20 % Amphora coffeaeformis inconspicua Navicula gregaria 
Navicula gregaria Navicula gregaria Cocconeis placentula 
Nitzschia frustulum Diatoma vuIgaris 
Navicula lanceoIata 
Achnanthes lanceolata 
h : >2 - -  <3 Navicula perminuta Nitzschia constricta Cyclotella meneghiniana Navicula minuscula 
1....< 5 % Navicula lanceolata Rhoicosphenia abbreviata Fragilaria capucina var. muralis 
Surirella brebissonii Surirella brebissonii Cocconeis pediculus Amphora pediculus 
Rhoicosphenia abbreviata Fragilaria ulna 
Achnanthes delicatula 
Nitzschia constricta 
Surirella brebissonii 
Cymbella minuta 
N#zschia palea 
Fragilaria fasciculata 
L imno log ica  31 (2001) 4 267 
Table 13. Aspect-forming and concomitant diatom species at the sampling location Wipperdorf considering seasonal aspects. 
Relative abundance h 
according to 
ZIEMANN (1982) 
and %, resp. 
1963/64 1986 1998 
epiphytic epilithic 
Spring aspect 
h = > 5 Navicula saIinarum Navicula perminuta 
> 20 % Navicula perminuta 
h = > 3 - < 5 Nitzschia constricta Nitzschiafrustulum/ 
5 ...20 % Nitzschia hungarica inconspicua 
Nitzschia frustulum 
Surimlla brebissonii 
NavicuIa gregaria 
h = > 2 - < 3 Fragilariapulchella Navicula gmgaria 
1....< 5 % Gyrosigma cuminatum Surirella brebissonii 
Amphora coffeaeformis Navicula saIinarum 
Navicula lanceolata 
Rhoicosphenia abbreviata 
Cocconeis placentula 
Navicula gregaria 
Navicula IanceoIata 
Rhoicosphenia abbreviata 
Nitzschia fi'ustulum 
Navicula lanceolata 
Nitzschiafrustulum 
Achnanthes delicatula 
Diatoma vulgaris 
Achnanths lanceolata 
Stephanodiscus hantzschii 
Surirella brebissonii 
Achnanthes delicatula 
Navicula gregaria 
Cocconeis placentula 
Achnanthes Ianceolata 
Diatoma vulgaris 
Stephanodiscus hantzschii 
Summer aspect 
h=>5 
>20% 
Amphora coffeaeformis Cocconeis placentula 
Nitzschia frustulum/ Rhoicosphenia abbreviata 
inconspicua Cocconeis pediculus 
h = > 3 - < 5 NavicuIa perminuta Nitzschiafrustulum Nitzschiafrustulum 
5 ...20 % Nitzschia hungarica Navicula gregaria 
Navicula salinarum 
Nitzschia constricta 
Achnanthes delicatula 
Gyrosigma peisonis 
Navicula gregaria 
Navicula veneta 
Nitzschia pusilla 
Cyclotella meneghiniana 
no sampling 
h = > 2 - < 3 Navicula gregaria 
1....< 5 % Cyclotella meneghiniana 
Nitzschia palea 
Rhoicosphenia abbreviata 
Cyclotella meneghiniana 
NavicuIa lanceolata 
Cocconeis pediculus 
Diatoma vulgaris 
Gomphonema micropus 
Navicula minuscula 
vat: muralis 
Nitzschia constricta 
Autumn aspect 
h = > 5 NavicuIa salinarum NitzschiafrustuIum/ Cocconeis placentula 
> 20 % Amphora coffeaeformis inconspicua cf Opephora oIsenii 
Nitzschiafrustulum/ 
inconspicua 
Navicula perminuta 
h = > 3 - < 5 Nitzschia constricta Navicula perminuta Navicula gregaria 
5....20 % Nitzschia hungarica Amphora coffeaeformis Navicula lanceolata 
Gyrosigma peisonis Rhoicosphenia abbreviata Cyclotella meneghiniana 
Navicula veneta 
Nitzschia constricta 
Achnanthes delicatula 
h = > 2 - < 3 Navicula gregaria Navicula gregaria Achnanthes deIicatula Amphora pediculus 
1....< 5 % Nitzschia pusilla Navicula salinarum Cocconeis pediculus Navicula gregaria 
Cyclotella meneghiniana Nitzschia frustulum 
Gomphonema micJvpus 
Nitzschia constricta 
Cymbella minuta 
Nitzschia paIea 
Surirella brebissonii 
Fragilaria fasciculata 
Nitzschia frustulum 
Rhoicosphenia abbreviata 
Achnanthes delicatula 
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Table 14. Aspect-forming and concomitant diatom species at the sampling location Grogfurra considering seasonal spects. 
Relative abundance h 
according to 
Z[EMAYN (19 8 2) 
and %, resp. 
1963/64 1998 
epiphytic epilithic 
Spring aspeet 
h = > 5 Navicula permimtta Nitzschiafrustulum Rhoicosphenia abbreviata 
> 20 % Navicula salinarum Cocconeis placentula 
h = > 3 - < 5 Nitzschia constricta Rhoicosphenia abbreviata Nitzschiafrustulum 
5...20 % Surirella brebissonii Navicula gregaria 
Navicula gregaria Navicula lanceolata 
h > 2 - < 3 Navicula lanceolam Achnanthes delicatula Stephanodiscus hantzschii 
1 ...5 % Nitzschiafrustulum/inconspicua Achnanthes lanceolata Achnanthes delicatula 
Navicula phyllepta Diatoma vulgaris 
Achnanthes lanceolata 
N#zschia palea 
Autumn aspect 
h=>5 
>20% 
Nitzschia frustulum/inconspicua 
Nitzschia constricta 
Navicula salinarum 
h = > 3 - < 5 CycloteIla meneghiniana Rhoicosphenia abbreviata 
5...20 % Navicula perminuta Nitzschia frustulum 
Gyrosigma peisonis Navicula gregaria 
Navicula gregaria 
Fragilaria pulchella 
Navicula cap#ata 
h = > 2 - < 3 Amphora coffeaeformis Cocconeis pediculus Achnanthes delicatula 
1...5 % Nitzschia hungarica Cyclotella meneghiniana Navicula gregaria 
Rhoicosphenia abbreviata Fragilaria tabulata Cocconeis placentula 
Achnanthes delicatula Achnanthes delicatula Nitzschia microcephala 
Diatoma wtlgaris 
Navicula lanceolata 
Stephanodiscus hantzschii 
Nitzschia microcephala 
Fragilaria pulchella 
Navicula cari 
Cocconeis placentula Nitzschia frustulum 
Rhoicosphenia abbreviata 
• The structure of the diatom assemblages atthe single sam- 
pling locations 
Diatom assemblages are characterized by dominance and 
steadyness of species. The dominance distributions and struc- 
tures of assemblages are therefore suitable for the description 
of algal communities of aquatic ecosystems (ScHMITZ 1961). 
In evaluating the abundance distributions, the aspect-forming 
species are listed according to their abundance. With regard 
to the investigations performed in 1963/64 and 1986, this was 
based on the abundance stimation according to ZIEMANN 
(1982) for species whose abundance was h > 2, whereas in 
the later investigations it was done by means of the relative 
frequency in per cent. 
The unsaIinized section (Table 11) is marked by the domi- 
nance of oligohalobic forms. From time to time, salt-indicat- 
ing taxa, such as Nitzschia constricta, Cyclotella meneghini- 
ana and Diatoma moniliformis were found, probably 
favoured by the comparatively high ion content. The struc- 
ture of the diatom assemblages has changed considerably 
since 1963 independent of the salinity. In 1963/64, a species 
combination was found that is typical for organically pollut- 
ed, eutrophic running waters rich in electrolytes: Navicula 
lanceolata, Navicula gregaria, Surirella brebissonii, 
Rhoicosphenia bbreviata nd FragiIaria ulna seem to be of 
this set. The most predominating taxa in 1998 such as Di- 
atoma vulgaris, Cocconeis pediculus, Cocconeis placentula 
and Amphora pediculus, had actually been present in 
1963/64, but only as recedent or subrecedent species. Ac- 
cording to LANGE-BERTALOT (1979) these species are classi- 
fied as differential species indicating 13-mesosaprobic with 
respect o c~-mesosaprobic conditions, whereas the species 
dominating in 1963/64, such as Navicula lanceolata, 
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Table 15. Aspect-forming and concomitant diatom species at the sampling location Hachelbich considering seasonal spects. 
Relative abundance h 
according to 
Zm>aAYN (1982) 
and%,resp. 
1963/64 1986 1998 
epiphytic epilithic 
Spring aspect 
h =>5 
>20% 
Navicula salinarum 
h = > 3 - < 5 Nitzschia constricta 
5....20 % Nitzschiafrustulum/ 
inconspicua 
SurireIla brebissonii 
Nitzschia pusilla 
Nitzschia hungarica 
Navicula perminuta 
h = > 2 - < 3 Navicula gregaria 
1....<5 % Amphora coffeaeformis 
Navicula lanceolata 
Gyrosigma peisonis 
Navicula perminuta 
Nitzschia frustulum/ 
inconspicua 
Navicula gregaria 
Surirella brebissonii 
Rhoicosphenia abbreviata 
Navicula gregaria 
Nitzschia frustulum 
Navicula gregaria 
Rhoicosphenia abbreviata 
Navicula lanceolata 
Navicula salinarum 
Navicula lanceolata 
Nitzschia pusilla 
Cyclotella meneghiniana 
Amphora coffeaefoemis 
Navicula lanceolata 
Nitzschia frustulum 
Cocconeis placentula 
Surirella brebissonii 
Nitzschia palea 
Achnanthes delicatula 
Cocconeis placentula 
Summer aspect 
h=>5 
>20 % 
h=>3-<5 
5....20 % 
h=>2-<3 
Nitzschia frustu lum/ 
inconspicua 
Amphora eoffeaeformis 
Cyclotella meneghiniana 
Gyrosigma peisonis 
Nitzschia hungarica 
Nitzschia eonstricta 
Navicula salinarum 
no sampling CycIotella meneghiniana 
Rhoicosphenia abbreviata 
Cocconeis pediculus 
Nitzschia palea 
Gomphonema micropus 
Cocconeis placentula 
Nitzschia frustulum 
Nitzschia frustulum 
Rhoicosphenia abbreviata 
Cocconeis placentula 
Gomphonerna micropus 
Nitzschia constricta 
Cyclotella meneghiniana 
Autumn aspect 
h = > 5 Nitzschiafi'ustulum Nitzschiafrustulum/ 
> 20 % Amphora eoffeaeformis inconspicua 
h = > 3 - < 5 Nitzschia constricta Navicula veneta 
5....20 % Cyclotella meneghiniana Amphora coffeaeformis 
Navicula salinarum Rhoicosphenia abbreviata 
Nitzschia hungarica 
h = > 2 - < 3 Gyrosigma peisonis Achnanthes delicatula 
1....< 5 % Navicula perminuta Navicula salinarum 
Navicula gregaria N#zschia constricta 
Cocconeis placentula 
Rhoicosphenia abbreviata 
Cocconeis pediculus 
Achnamhes delicatula 
Fragilaria pulehella 
Navicula gregaria 
Nitzschia frustulum 
Fragilaria fasciculata 
Gomphonema micropus 
Navicula cari 
Nitzschia frustulum 
Rhoicosphenia abbreviata 
Achnanthes delicatuIa 
Surirella brebissonii and Navicula gregaria seem to be indif- 
ferent within [3- and (z-mesosaprobic conditions. These 
changes are probably due to the decrease in organic pollution 
and eutrophication. 
The magnitude of salinization determines the structure of 
the diatom assemblages along the saIinized section. Here the 
section between Sollstedt and Bleicherode is moderately 
salinized, whereas from Bleicherode on the salinization is 
distinctly higher. 
Along the moderately salinized section (Table 12), diatom 
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Table 16. Aspect-forming and concomitant diatom species at the sampling location Sachsenburg considering seasonal spects. 
Relative abundance h according 1963/64 1986 
to ZIENANN (1982) and %, resp. 
Spring aspect 
h=>5 
>20 % 
h=>3-<5 
5....20 % 
h=>2-<3 
1...<5% 
Surirella brebissonii 
Nitzschia frustulum/inconspicua, Navicula salinarum, 
Rhoicosphenia abbreviata, Navicula gregaria, 
Nitzschia constricta 
Fragilaria pulchella, Navicula veneta, 
CycloteIla meneghiniana, Achnanthes delicatula, 
Navicula phyllepta 
Surirella brebissonii 
Nitzschia constricta, Navicula salinarum 
NavicuIa Ianceolata, Nitzschia palea 
Nitzschia frustulum/inconspicua, Navicula 
perminuta, Navicula gregaria 
Achnanthes delicamla, Amphora coffeaeformis 
Nitzschia pusilla, Stephanodiscus hantzschii 
Summer aspect 
h => 5 
>20% 
h- ->3-<5 
5....20 % 
h - ->2-<3 
1....<5% 
Cyclotella meneghiniana 
Fragilaria pulchella, Nitzschia frustulum/inconspicua, 
@rosigma peisonis, Rhoicosphenia abbreviata 
Nitzschia constricta, Nitzschia hungarica, 
Amphora coffeaeformis, Cocconeis placentula, 
Achnanthes delicatula, Navicula gregaria 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Autumn aspect 
h=>5 
>20 % 
h=>3-<5 
5 ...20 % 
h=>2-<3 
1.....<5% 
Cyclotella meneghiniana 
Nitzschia hungarica, Nitzschia frustulur~dinconspicua, 
Gyrosigma peisonis, Navicula gregaria, 
Amphora coffeaeformis 
Nitzschia constricta, SurirelIa brebissonii, 
Surirella ovalis, Navicula saIinarum, 
Fragilaria pulchelIa, Nitzschia microcephala 
Fragilaria pulchella 
Achnanthes delicatula, N#zschia frustulum 
Navicula perminum, NavicuIa salinarum, 
Amphora coffeaeformis, CycIotella meneghiniana, 
Nitzschia constricta, Navicula gregaria, 
Cocconeis placentula 
assemblages were dominated by salt-indicating taxa to a high 
degreee in 1963/64, Navicula salinarum being prevalent 
throughout the year. However, there were several further salt- 
tolerant (oligohalobic-indifferent) fresh water forms among 
the aspect-forming ones. As to be expected, salt-tolerant 
fresh water forms were more abundant in spring than in au- 
tumn since the salt concentrations during spring were lower 
compared to those during autumn. It is noteworthy that the 
polyhalobic species Amphora coffeaeformis was found 
steadily and occurs in autumn as a subdominant species. 
Already in 1986, conditions of salinization had changed 
fundamentally due to the diversion of the salt waters to the 
storage basin near Wipperdorf. This made the chloride con- 
centrations of the river along the moderately salinized section 
decrease to mean values of about 230 mg 1 1 at the sampling 
dates lacking seasonal variations. Oligohalobic species, such 
as Navicula gregaria and Navicula lanceolata were predomi- 
nating. Furthermore the aspect was marked by halophilic 
species (Diatoma moniliformis in spring and Navicula veneta 
in autumn). In addition, Nitzschia frustulum occurred sub- 
dominantly all year round. 
In 1998 the aspect was marked by the oligohalobic species 
Cocconeis pediculus, and Rhoicosphenia bbreviata. These 
were joined in autumn by Nitzschia inconspicua (halophilic). 
Along the strongly saIinized section (Tables 13-16), nearly 
only halophilic and halobiontic forms were among the taxa 
predominating in 1963/64 and 1986. Only SurireIla brebis- 
sonii, Navicula gregaria and Rhoicosphenia bbreviata, ex- 
tremely salt-tolerant oligohalobic species, occurred at times as 
subdominant or concomitant forms. In autumn, as a conse- 
quence of comparatively high chloride concentrations an in- 
crease in the polyhalobic species Amphora coffeaeformis was 
found, whereas the frequency of the oligohalobic forms further 
decreased. Thus, with increasing salinity a shift in abundance 
conditions took place favouring halobiontic species, the oligo- 
halobic forms appearing only just recedently or subrecedently. 
In 1998, the character of the diatom assemblages had near- 
ly totally changed. They were dominated by euryhaline fresh 
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water forms, such as Rhoicosphenia abbreviata and Coc- 
coneis placentula, nd some halophilic taxa, such as 
Nitzschia frustulum and CyclotelIa meneghiniana. In the 
river Wipper at Hachelbich due to the salt load management a 
chloride concentration of about 1500 mg 1-1 was established 
in the past years with comparatively low fluctuations. These 
conditions evidently favour the development of halophilic 
and salt-tolerating indifferent species, whereas the formerly 
aspect-forming mesohalobic forms lacked their dominant 
character. Among the salt-indicating species, Nitzschiafrus- 
tulum predominated nearly exclusively. 
Despite the fact that the salinities of the river Wipper de- 
crease somewhat from Hachelbich up to the mouth at Sach- 
senburg, in 1963/64 and 1986 typical mesohalobic diatom as- 
semblages are to be found there all the year. Only in spring a 
dominance of Surirella brebissonii and a somewhat more fre- 
quent occurrence of a few oligohalobic species was observed. 
Summer and autumn aspects were nearly entirely dominated 
by hatophilic and halobiontic taxa. In contrast to the sections 
upriver the occasional dominance of Fragilaria pulchella is 
worth mentioning. 
The species proportions of the various indicator groups 
differ distinctly among the differently salinized sampling lo- 
cations and the sampling years, the differences being concen- 
tration-dependent (Fig. 5). The dependency of the diatom 
community structure on the salinity becomes till more visi- 
ble by looking at the abundance proportions of the species in- 
dicating salinization (Fig. 6). Remarkably, the abundance 
proportions of the halophilic species of the moderately or 
strongly salinized sections vary only a little. Increasing salin- 
ization is characterized by increasing proportions of meso- 
halobic and occurrence of polyhalobic species. Halophilic 
species uch as N#zschia fi'ustulum may tolerate periodically 
occurring low as well as high salt concentrations. In contrast 
to this, mesohalobic species do not tolerate periodically oc- 
CUlTing lOW salinities. Thus, halophilic species are favoured 
by strong changes in salinity. 
The following conclusions may be drawn: (i) the diatom 
assemblages are dominated by a comparatively ow number 
of species; (ii) the diatom assemblages are marked by distinct 
regional peculiarities, dividing the river Wipper up into four 
sections corresponding with particular salinities; (iii) a spring 
and an autumn aspect can be seen; (iv) the structure of the di- 
atom assemblages has changed istinctly from 1963 to 1998. 
The spatial and temporal structural changes of the diatom 
assemblages are caused primarily by different salt concentra- 
tions. The focus of the following is thus on the changes in 
composition of the diatom assemblages that have been estab- 
lished during the decrease in salinization since 1990. 
Assessment of the salinization (halobion indices) 
Halobion indices are used for the indication of the biological 
effect of the salinity in a water. They were ascertained for all 
the samples. Since calibration of the halobion indices was 
performed on the basis of estimated frequencies according to 
ZIEMANN (1982), proportions of the single species calculated 
in % were converted into estimated abundancies. Samples 
taken in 1986 were evaluated in both ways. With regard to the 
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Fig. 5. Average species proportions of the single indicator groups in % of the total number of species at sections f different salinities through- 
out the sampling years. 
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magnitude, halobion indices agreed to an acceptable extent as 
shown in Table 17. 
In this context it has to be emphasized once again that halo- 
bion indices do not form a measure of salinity but that they de- 
scribe the biological effect with regard to the environmental 
conditions given, therefore an ecological situation. Halobion in- 
dices determined during the period of investigation and the cor- 
responding chloride concentrations are compiled in Table 18. 
Conditions of salinization and the corresponding halobion 
indices are given as a transect for the period 1963/64 (Fig. 7 
and 8). From this the spatial as well as the seasonal changes of 
the chloride concentrations and the halobion indices depend- 
ing thereon can be seen. The column diagrams visualize in a 
comparable manner the development of the halobion indices 
during the period 1963-1998 and the concentration-caused 
spatial differences between the sampling locations (Fig. 9). 
The halobion indices calculated from the samples taken at 
Wtilfingerode point to [3-oligohalobic conditions without ex- 
ception. At times a tendency towards c~-oligohalobic be- 
comes visible. This sampling location is looked upon to be 
typical for the natural composition of the river Wipper in the 
today's potassium ining area. 
Table 17. Halobion indices of the river Wipper in 1986. Comparison of the results based on the estimation method according to ZIEMANN 
(1982) with values from the relative abundances inper cent. 
Sampling location Sampling date Halobion index 
Estimation method Transformed values 
Wiilfingerode 06.05.1986 17.6 18.5 
16.10.1986 22.0 19.6 
Sollstedt 06.05. 1986 38.3 42.1 
16.10. t986 42.3 43.9 
Wipperdorf 06.05. 1986 62.5 62.1 
16.10. 1986 62.5 65.4 
Hachelbich 06.05. 1986 60.0 62.5 
16. 10. 1986 70.6 73.5 
120 
t00 
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Fig. 6. Abundance proportions ofthe single groups of indicator species at differently salinized s ctions of the river Wipper in 1986 in %. 
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Table 18. Halobion indices (H) and chloride concentrations [mg 1 -l] of the sampling locations along the river Wipper. Wti = Wiilfingerode, So 
= Sollstedt (up to 1986), B1 = Bleicherode (1998), Wi = Wipperdorf, Gr = Gro3furra, Ha = Hachelbich, Sa = Sachsenburg. [3-o = 13-oligohalo- 
bic, a-o = a-oligohalobic, ~3-m = 13-mesohalobic, a-m = a-mesohalobic, ph = polyhalobic. 
Sampling date H/C1 Wti So/B1 Wi Gr Ha Sa 
1. March 1963 H 11.5 (B-o) 43.9 (13-m) 75.3 (ph) 72.2 (a-m) 68.5 (a-m) 
C1- no data 2,030 4,500 3,360 4,180 
17. April 1963 H 4.5 ([~-o) 42.7 (~3-m) 59.5 55.0 (a-m) 66.2 (a-m) 
C1- 88 2,030 5,040 3,360 4,180 
9. October 1963 H 19.5 (a-o) 58.0 (a-m) 79.7 (ph) 76.1 (ph) 78.((ph) 
C1 150 2,910 6,200 5,340 6,280 
20. March 1964 H 7.7 (B-o) 53.7 (a-m) 65.0 (a-m) 63.6 (a-m) 67.6 (a-m) 
C1 no data 1,280 2,800 2,650 2,680 
25. May 1964 H 10.8 (J3-o) 37.6 ([3-m) 65.0 (a-m) no 69.0 (a-m) 
C1- 95 2,500 4,000 data 3,870 
16. July 1964 H 10.8 (B-o) 55.0 (a-m) 73.4 (a-m) no 77.6 (ph) 
C1- no data 3,000 6,000 data 5,850 
25. September 1964 H 13.9 (~-o) 71.2 (a-m) 70.7(a-m) 77.6 (ph) 77.7 (ph) 
C1- 90 4,500 6,500 6,000 6,250 
6. May 1986 H 17.6 (a-o) 38.3 ([3-m) 62.5 (a-m) no 60.0 (a-m) 
CI- no data no data 5,250 data 3.395 
16. October 1986 H 22.9 (a-o) 42.3 (a-o) 62.5 (a-m) no 70.6 (a-m) 
C1- no data no data 7,650 data 5,800 
29. ApriI 1998 H epiphytic 0 (~3-o) 14 (a-o) 21 (o~-o) 39 (~3-m) 12 (a-o) 
epilithic 6 (a-o) 38 ([~-m) 26 (a-o) 21 (a-o) 31 (B-m) 
C1- Chloride (69) (368) (494) (1,199) 1,444 
12. June 1998 H epiphytic 12 ([3-o) 24 (a-o) 30 (c~-m) 24 (a-o) 28 (a-o) 
epilithic 15 (a-o) 38 (13-m) 27 (a-o) 37 (B-m) 44 (13-m) 
C1- Chloride (192) (415) (566) (1,500) 1,558 
22. July 1998 H epiphytic 6 (13-o) 14 (~-o) 23 (a-o) 29 (a-o) 35 (B-m) 
epilithic 10 ([3-o) 21 (a-o) 26 (a-o) 38 (~-m) 50 (a-m) 
C1- Chloride (79) (664) (964) (11,271) 1,451 
8. August 1998 H epiphytic 9 (13-o) 23 (a-o) 29 (s-o) 28 (a-o) 32 ([3-m) 
epilithic 3 ([~-o) 41 ([~-m) 50 (a-m) 48 (13-m) 52 (a-m) 
C1- Chloride (89) (809) (1,179) (1,322) 1,654 
57.3 (a-m) 
3,200 
56.5 (a-m) 
3,170 
59.7 (c~-m) 
4,500 
59.2 (a-m) 
2,200 
54.0 (s-m) 
3,000 
72.7 (a-m) 
3,800 
69.7 (a-m) 
3,500 
56.3 (a-m) 
no data 
82.2 (ph) 
no data 
In the moderately salinized section from Sollstedt on 
downriver, ~3-mesohalobic conditions were found in spring 
1963/64. In autumn when discharge decreased and chloride 
concentrations exceeded 3,000 mg 1-1, ~z-mesohalobic condi- 
tions were also observed. In 1986, ~-mesohalobic conditions 
were indicated, the values obtained in spring and autumn dif- 
ferring only slightly. Chloride concentrations were about 250 
mg 1-1. Although the halobion indices from 1963/64 and 1986 
were not very different from each other, chloride concentra- 
tions and composition of the diatom assemblages showed 
distinct differences. The comparatively high values found in 
1986 were caused by a mass development of halophilic 
forms, whereas in 1963/64 mainly mesohalobic species pre- 
dominated which no longer frequently occurred in 1986. In 
1998, halobion indices of the corresponding sampling loca- 
tion Bleicherode were within the transition field between c~- 
oligohalobic and 13-mesohalobic. On the whole a drastic shift 
from 9- to a-mesohalobic towards c~-oligohalobic conditions 
took place, being reflected in the halobion indices and more 
strongly in the compositions of the assemblages. 
At the sampling locations of the strongly salinized section 
from Wipperdorf to Hachelbich, halobion indices were > +60 
in 1963/64 and 1986 including the spring, thus indicating ~- 
mesohalobic conditions. In autumn, conditions got worse re- 
sulting in partially polyhalobic onditions. In 1998, halobion 
indices were distinctly lower. At the end of April, all indices of 
all the sampling locations from Wipperdorf on were in the a- 
oligohalobic range, the border towards the ~3-mesohalobic 
range being exceeded only slightly at Grol3furra. Whereas at 
Wipperdorf the halobion indices indicated c~-oligohalobic con- 
ditions in summer and 13-mesohalobic not until September, [3- 
mesohalobic conditions were found without exception at the 
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tumn 1963): Comparison of chloride concentra- 
tions and halobion indices. 
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downriver situated sampling locations Grogfurra nd Hachel- 
bich from June on. On the whole the ecological situation of the 
river Wipper has changed istinctly. Since the introduction of 
salt-loaded effluents has been terminated, an improvement on 
two grades has taken place, in spring from c~-mesohalobic to c~- 
oligohalobic, in autumn from polyhalobic to ~3-mesohalobic. 
The correlation between chloride concentration and halo- 
bion indices in the river Wipper was described in previous 
papers by ZIEMANN (1967,1968,1997a). Also the halobion in- 
dices of these investigations show a distinct dependence from 
the chloride concentration (Fig. 10). 
The change from ~-mesohalobic to ~-mesohalobic condi- 
tions (halobic index = 50) at a chloride concentration f3,000 
mg 1 -I is clearly marked. The salinization-dependent environ- 
mental conditions at the sampling locations along the river 
Wipper are correctly characterized by the halobion indices. 
They are in accordance with the expected grading in the halo- 
bion system as determined by the chloride concentrations 
given. The regional and seasonal differences in salinization 
of the river Wipper were reflected by the halobion indices as 
well as by the changes in the ecological conditions due to the 
decrease in salinity. The deviation of single values from mean 
values are caused essentially by the instability of the chloride 
concentration. But also other factors of deviations cannot be 
overlooked. E. g., at Sollstedt he halobion indices of the year 
1986 (~-mesohalobic) were distinctly higher than to be ex- 
pected at chloride concentrations around 250 mg 1-1, whereas 
the halobion index at Hachelbich on the 29.4. 1998 was too 
low (c~-oligohalobic), although with regard to the chloride 
concentration f 1,500 mg 1-1 a higher value was to be expect- 
ed (Table 18). These deviations may be due to different caus- 
es which could not be clarified in detail. Evidently, in the 
transition range between c~-oligohalobic and ~3-mesohalobic 
not only the salinization is primarily effective. It can be mod- 
ified by other environmental conditions, such as substrate, in- 
cline, light, water temperature oraspect succession, the inter- 
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Fig. 8. Transects of salinization (spring and au- 
tumn 1964): Comparison of chloride concentra- 
tions and halobion indices. 
action of all these factors forming the ecological situation. 
Also the mass development of a single species can become 
effective as a disturbing factor. 
The increased values found at Sollstedt are superficially 
caused by strong seasonal developments of halophilic cate- 
gorized forms, such as Diatoma moniliformis in spring and 
Navicula veneta in autumn. The occurrence of further 
halophilic species, for example Nitzschia frustulum, 
Nitzschia inconspicua nd Cyclotella meneghiniana, points 
to occasional higher chloride concentrations which can be 
recorded uring the course of the year depending primarily 
on the discharge, with maxima up to 2,400 mg 1 -l. Therefore 
the structure of the diatom assemblage and consequently also 
the halobion index point to conditions in salinization which at 
the sampling time do not necessarily correspond to the chem- 
ical parameters. This can be considered as positive for the bi- 
ological investigations of running waters because an inter- 
mittent salinization ot detectable during the actual sampling 
date can be indicated, but on the other hand makes the corre- 
lation between halobion index and salinity more difficult. In 
contrast to this, the mass development of Rhoicosphenia b- 
breviata that had taken place at Hachelbich in spring 1998 
evidently at the expense of mesohalobic species is to be 
looked upon as a disturbing factor, a justified interpretation 
of this opinion being lacking. Especially when mass develop- 
ments occur the categorization of species into the halobion 
system is of great importance. Particularly the categorization 
of halophilic species is affected with uncertainties, resulting 
obviously from locally dependent particularities or special 
adaptations and the existence of infraspecific ecotypes (HoF- 
MANN 1998), respectively. Navicula veneta occurs in the river 
Wipper primarily and partially aspect-forming in the salin- 
ized section. A similar distribution was observed by STRECK- 
ER (1997), SO that this species should be categorized as 
halophilic. The categorization of Nitzschia frustulum is also 
disputed, ranging from indifferent (SrRECKEa 1997) to ~3- 
mesohalobic (BussE et al. 1999; ZIEMA~',~ 1999). In the river 
Ulster this form occurs in fresh water as well as in the ex- 
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Fig. 9. Halobion indices 1963/1964 vs. 
1986 vs. 1998. H = alobion index, S = 
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tremely strong salinized section (HOFMANN 1998; STRECg2R 
1997). Its mass development is promoted by salinization, 
since fresh water conditions take place only during the pro- 
duction-free intervals of the potassium mine at Unter- 
breizbach on weekends. Consequently, this form should be 
categorized as salt-indicating and halophilic (HoFMANN 
1998) corresponding also to the distribution i  the river Wip- 
per. 
In 1998, halobion indices of the epiphytic and epilithic di- 
atoms were estimated separately for the first time. It turned 
out that the halobion indices of the epilithic diatoms were 
nearly always higher than those of the epiphytic diatoms 
(growing on Cladophora glomerata nd Enteromorpha in- 
testinalis, respectively). The indices differred up to one class, 
in some cases up to two classes. The enhanced halobion in- 
dices are due to the fact that the halophilic Nitzschiafrustu- 
lure occurs dominantly or codominantly in the epilithic sam- 
ples of the salinized section whereas in the epiphytic samples 
it was found only as a concomitant species. The sampling lo- 
cation Grogfurra formed an exception from this (spring as- 
pect 1998). Here Nitzschia frustulum predominated in the 
epiphytic samples, whereas considerably lower frequencies 
were found in the epilithic samples (Table 14). Along the un- 
salinized section of the river Wipper (Wtilfingerode) salt-in- 
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dicating species were of minor importance for the diatom as- 
semblages. In the epilithic samples they were somewhat less 
frequent than in the epiphytic samples, having corresponding 
effects on the halobion indices. BUSSE (1997) observed com- 
paratively higher diversities and halobion indices in the river 
Helbe and the desalinized creek Urbach in epiphytic assem- 
blages than in epilithic assemblages. Thus the results found 
by different investigators were contradictory. For obtaining 
comparable r sults mixed samples from all substrates should 
be analysed (ZIEMANN 1999) or a standardized technique ac- 
cording to KELLY et al. (1998) should be used for sampling as 
proposed by CORING (1999). 
Assessment of the ecological consequences 
of reduced salinization 
In the moderately salinized section of the river Wipper, de- 
salinization has still not affected constant c~-oligohalobic 
conditions for which an upper limit of 600 mg C1- 1 1 was 
found by ZIEMANN (1997b). The structure of diatom assem- 
blages is influenced by chloride concentrations beyond this 
value. However, an extensive change of the structure of the 
diatom assemblages has taken place. A comparison of the [3- 
mesohalobic assemblages found at Sollstedt 1963/64 to those 
of Grogfurra nd Hachelbich in 1998 shows this distinctly. In 
contrast o the mesohalobic diatom assemblages found at 
Sollstedt in 1963/64 dominated largely by mesohalobic 
forms such as Navicula saIinarum, Nitzschia hungarica or 
Nitzschia constricta, the mesohalobic assemblages atGrog- 
furra and Hachelbich in 1998 were characterized by mass de- 
velopments of indifferent oligohalobic taxa. Among the latter 
were especially Rhoicosphenia abbreviata nd, depending on 
the seasons, Navicula gregaria in spring and Cocconeis pIa- 
centula in autumn besides the halophilic species Nitzschia 
frustulum and Cyclotella meneghiniana. These differences 
are due to the following two reasons: 1. the level of saliniza- 
tion given at Sollstedt was higher, tending towards cz-meso- 
halobic conditions in autumn, whereas at Hachelbich in 1998 
no corresponding fluctuations in salinity were found; 2. the 
effect of salinization was distinctly stronger at Sollstedt in 
1963/64 because of the comparatively high proportion of 
potassium ions (contributing approximately 18 % of the 
cation sum), whereas at Hachelbich the potassium propor- 
tion, was only 5.4 %; due to the antagonistic effect of the high 
calcium proportion, there should no longer be a specific ion 
effect of potassium. 
According to H~RSCH (1920), invertebrates and the ichthy- 
ofauna of the river Wipper remained unaffected up to chlo- 
ride concentrations of 850 mg 1-1. At higher salinities, nearly 
exclusively Chironomidae occurred with high frequencies 
(ALBRECHT 1954). This situation lasted up to 1992/1993 
when chloride concentrations were > 2,000 mg k 1. From 
1994 on when average chloride concentrations were around 
1,500 mg 1 -s, the maxima exceeding 2,000 mg 1-1 only slight- 
ly, a recolonization with euryhyline insects was observed 
(SCHULZ 2000 a; SCHULZ & BELLSTEDT 2000). On the whole, 
living conditions of the limnetic insect fauna are consider- 
ably restricted at these concentrations. With regard to the 
river Weser, BATHE (1998) and ARGE Weser (2000) found 
the section of critical salinization to begin at a chloride con- 
centration > 400 mg 1-1. Below this threshold the develop- 
ment of moderately halotolerant species is ensured, whereas 
less halotolerant forms are suppressed when the value is ex- 
ceeded. REMANE & SCHLIEPER (1971) proposed 280 mg 1-1 to 
be the upper tolerable chloride concentration marking the 
transition from fresh to brackish water. Detrimental effects 
on the development of fresh water fish of the river Weser are 
not to be expected at salinities up to 2%0 (THIEL 1998). At the 
river Wipper this corresponds to a chloride concentration of
540 mg 1-1. This concentration can be applied to the river 
Wipper since the potassium proportion of this river no longer 
exceeds that of the river Weser. Moreover, in the river Wipper 
the proportion of the calcium acting antagonistically towards 
the potassium is distinctly higher than in the river Weser. 
Investigations performed by HOFMANN (1998) in the river 
Weser lead to the conclusion that halobion indices alternate 
between c~-oligohalobic and ~-mesohalobic at chloride maxi- 
ma little above 1,000 mg k I and average values around 650 
mg 1-1. Constant c~-oligohalobic conditions will not be estab- 
lished in the middle section of the river Weser until maxima 
no longer exceed 600 and average values are 400 mg C1 1 -I. 
The biologically effective factor is the maximum salinity 
which occurs during the course of a year, thus forming a lim- 
iting factor for the aquatic community. Therefore a-oligo- 
halobic conditions are not to be expected either at Sollstedt or 
Bleicherode with average chloride concentrations around 
< 600 mg 1-1, since maxima project distinctly into the [3- 
mesohalobic range. To ensure limnetic (c~-oligohalobic) con- 
ditions in the river Wipper, a minmum requirement is that the 
maximum chloride concentrations are < 600 mg 1 -J. But to 
avoid critical situations, the limit should be lower, namely at 
400 mg 1-1. Taking into consideration that the water of the 
river Wipper is naturally rich in electrolytes and considering 
also the hydrographical circumstances, this concentration 
might be contemplated asa prerequisite for forming limnetic 
(c~-oligohalobic) diatom assemblages typical for these loca- 
tions. 
Zusammenfassung 
Die Wipper wurde tiber ein Jahrhundert lang mit salzhaltigen Ab- 
w~issern aus der Kaliindustrie belastet. Beginnend mit dem Jahr 1990 
wurde die Abwasserlast durch die Einstellung der KalifOrderung 
stark verringert. Vor 1990 betrugen im stark belasteten Flussab- 
schnitt die Monatsmittel der Chloridkonzentration zeitweise tiber 
6.000 mg 1-1. Die Maximalkonzentrationen erreichten doppelte 
Werte. Bis zum Jahr 1998 sanken die maximalen Chloridkonzentra- 
tionen auf unter 2.000 mg 1 -~. Mit der Abnahme der Chloridkonzen- 
trationen ve~Tingerten sich auch die vorher extrem hohen wasser- 
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fiihrungsabh~ingigen u d kurzfristig auftretenden produktionsbe- 
dingten Salzgehaltschwankungen. Ebenso verbesserte sich das durch 
die spezifische Ionenwirkung des hohen Kaliumanteils physiolo- 
gisch ungiinstige Ionenmilieu durch Abnahme des Kalinm- und Zu- 
nahme des Calciumanteils. 
In den Jahren 1963/64, 1986 und 1998 wurden an Standorten mit 
unterschiedlichem Salzgehalt und zu den verschiedenen Jahreszeiten 
Proben der benthischen Diatomeenflora entnommen und die 
Auswirkung der unterschiedlichen Versalzungsbedingungen auf die 
Struktur der Diatomeengesellschaften untersucht. Es zeigte sich, dal3 
diese sich in Abh/~ngigkeit vom Salzgehalt ~ndern. Bei ansteigenden 
Konzentrationen ist ein deutlicher Rfickgang der oligohaloben und 
eine Zunahme der mesohaloben und polyhaloben Formen zu erken- 
nen. Ab einer Chloridkonzentration von ca. 3.000 mg 1 -~ fibersteigt 
der AnteiI der halophilen und halobionten Arten den der Oligohalobi- 
en innerhalb der Diatomeengesellschaften (Halobienindex > 50). 
Entsprechend en unterschiedlichen Versalzungsbedingungen 
treten im Flul3verlauf voneinander unterschiedliche nnd ffir die 
einzelnen Flugabschnitte charakteristische Diatomeengesellschaften 
auf. Frfihjahrs- und Herbstaspekt zeigen ebenfalls deutliche salzab- 
h/ingige Unterschiede. Die Diatomeengesellschaften haben sich im 
Jahr 1998 nach dem Rfickgang der Versalzung egenfiber den Befnn- 
den yon 1963/64 und 1986 grundlegend ver~indert. Die frfiher in den 
Diatomeengesellschaften vorherrschenden halobionten Arten sind 
teilweise nicht mehr auffindbar oder treten nut noch vereinzelt auf. 
Sie werden jetzt vorwiegend urch oligohalob-indifferente Arten 
vertreten. 
Eine 6kologische Bewertung dieser Ver~inderungen rfolgte auf 
Grundlage der Halobienindices, die yon jeder Probe bestimmt wur- 
den. Ffir den stark versalzten Bereich der Wipper wurde eine Ver~in- 
derung von c~-mesohaloben bispolyhaloben Zustfinden in den Jahren 
1963/64 und 1986 zn ~-oligohalob/~-mesohaloben Bedingungen im 
Jahr 1998 festgestellt. Konstant ~x-oligohalobe Bedingungen wurden 
nach dem Rfickgang der Versalzung noch nicht erreicht. Als Grenz- 
wert ftir den (2;bergang von c<-oligohalob (limnisch) zu ~3-mesohalob 
(brackig) wurde eine maximale Chloridkonzentration von 600 mg 1 -/ 
gefunden. Zur sicheren Einhaltung c~-oligohalober Zustfinde sollte 
eine Chloridkonzentration von 400 mg 1 -~ nicht iiberschritten wer- 
den. 
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